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(54) Fritting inspection method and apparatus 

(57) Disclosed Is an Inspection metiiod for Inspect- 
ing the electrical characteristics of a device by bringing 
an inspecting probe (12A) Into electrical contact with an 
inspection electrode (P). An insulating film (O) formed 



on the surface of the inspection electrode (P) Is brol<en 
by utilizing a fritting phenomenon so as to bring the in- 
spection electrode (12A) into electrical contact with the 
inspection electrode (P). 
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[0001] The present Invention relates to an inspection 
method and an inspection apparatus, particularly, to an 
inspection method and an Inspection apparatus which 
pemnit suppressing the needle pressure applied by a 
probe to the inspection electrode of a target object to be 
inspected. 

[0002] In the manufacturing process of semiconduc- 
tor devices, these devices are formed on a semiconduc- 
tor wafer Then, inspected are the electrical character- 
istics of the target object(s) to be inspected (hereinafter 
referred to as "the device") such as a device in the state 
of the semiconductor wafer and a device cut away from 
the semiconductor wafer and packaged. In the Inspec- 
tion process, the device is inspected by transmitting and 
receiving an electric signal to and from a tester via a 
probe electrically in contact with the inspection elec- 
trodes of the device. 

[0003] Where the Inspection electrode Is formed of a 
material that is likely to be oxidfzed such as aluminum, 
copper or a solder, an insulating film such as an oxidei 
film Is formed on the surface of the inspection electrode 
in the inspecting stage. Therefore, even if the probe Is 
brought into contact with the inspection electrode, the 
electrical connection between the two is not stabilized. 
Partk:ularly, where the inspection electrode is made of 
aluminum, a very hard oxide film is formed on the sur- 
face of the Inspection electrode, with the result that it Is 
very difficult to bring the probe into electrk:ai contact with 
the inspection electrode. 

[0004] In the prior art, the probe is brought into elec- 
trical contact with the inspection electrode by the mode 
shown in FIGS. 22A and 22B In accordance with the flow 
chart shown in FIG. 21 . Specifically, the preparation for 
the inspection of the device is performed first (step SI), 
followed by bringing the probe N Into contact with the 
inspection electrode P with a predetemiined pressure, 
e.g., 1 0 to 20 g/a probe, as shown In FIG. 22A (step S2). 
Then, it is judged whether or not the probe N has been 
brought Into electrical contact with the Inspection elec- 
trode P (step S3). Where it is judged that electrical con- 
tact has been achieved, the inspection Is started (step 
S4). In general, it is judged in step S3 that the probe N 
is not in electrical contact with the inspection electrode 
P by simply bringing the probe N into contact with the 
inspection electrode P because an insulating film O is 
Interposed between the two. In order to overcome the 
difficulty, the probe N and the Inspection electrode P are 
reciprocated relative to each other (scrubbed) as denot- 
ed by an arrow in FIG. 22B so as to scrape off the Insu- 
lating film O (step S5). In this step S5. the probe N is 
brought into electrical contact with the inspection elec- 
trode P. After electrical contact has been confirmed, the 
inspection Is started in step S4. 

[0005] Another method of breaking the insulating film 
O is to sharpen the tip of the probe. In this method. It is 
possible to increase the planar pressure given by the 



probe to the Inspection electrode, making It possible to 
permit the probe to be stuck into the inspection electrode 
so as to ensure a good electrical contact between the 
two. In this case, it is necessary to stick the tip of the 

s probe Into the inspection electrode by at least 2,000 to 
4,000 A In order to ensure electrical contact. 
[0006] Recently, proposed is a probe card having fine 
probes each having a diameter of scores of mk^rons 
formed In a silicon substrate with a small pitch by using, 

10 for example, micro machine processing technology. 
Since the probe card has a micro structure. It is possible 
for the probe card to cope with a high speed signal. In 
addition, since the probe is fonned on a silicon sub- 
strate, the probe card is advantageous in that It eliml- 

*5 nates the effects caused by the difference i n the thermal 
expansion coefficients of the probe card and the device 
in the heating test. 

[0007] . In the method of scraping off the insulating film, 
it is possible for the scraped dust of the insulating film 

so to attach to the probe N, whteh impairs conduction. 
Therefore, It Is not guaranteed that electrical contact be- 
tween the probe and the inspection electrode can be en- 
sured by the method described above. Further, the life 
of the probe N is shortened by the scrubbing and the 

25 yield of the manufactured devk^e is lowered because the 
inspection electrode P is scratched as shown in FIG. 
22B. It should be noted that the contact point between 
the probe N and the inspection electrode P set in ad- 
vance at the optimum position Is altered by the scrub- 

30 bing. It has also been found that the device is contami- 
nated with the scraped dust scattered from the insulat- 
ing film O, as shown in FIG. 228. Such being the situa- 
tion, it is necessary to periodically remove the scraped 
dust of the insulating film from the probe N, leading to a 

35 reduction In the inspection efficiency. 

[0008] In the method in which the tip of the probe is 
stuck into the inspection electrode, the damage done to 
the inspection electrode is small. However, the inspec- 
tion electrode is scratched as in the method described 

40 above. Also required Is the durability for maintaining the 
shape of the tip portion of the probe. Since the degree 
of Integration of the devices has been maricedly en- 
hanced in recent years, the miniaturization of the device 
and the thinning of the film have been drastically pro- 

^5 grossed. Under the circumstances, the thickness of the 
inspection electrode has been decreased such that, if 
the probe is stuck until the probe Is brought Into electrical 
contact with the Inspection electrode, the underiying lay- 
er of the Inspection electrode also tends to be damaged. 

50 [0009] The probe card manufactured by utilizing the 
micro machine processing technology has a fine probe 
structure, with the result that it is difficult to apply a high 
needle pressure to the probe. 

[001 0] The present Invention has been achieved in an 
S5 attempt to overcome at least one of the above-noted 
problems inherent in the prior art. 
[001 1 ] An object of an aspect of the present invention 
Is to provide an inspection method and an Inspection 
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apparatus, which permit markedly decreasing the nee- 
dle pressure applied by the probe to the measuring elec- 
trode. 

[0012] Another object of an aspect of the present in- 
vention Is to provide an inspection method and an in- 
spection apparatus, which permit suppressing the dam- 
age done to the inspection electrode and which also pro- 
long the life of the probe when used repeatedly. 
[0013] Still another object of an aspect of the present 
invention is to provide an Inspection method and an in- 
spection apparatus which reduce the necessity of ap- 
plying a cleaning treatment to the probe so as to improve 
the inspecting efficiency. 

[0014] According to a first aspect of the present Inven- 
tion, there is provided a method of inspecting a target 
object to be inspected, comprising the steps of: 

bringing about a fritting phenomenon In a part of the 
Insulating film fomied on the inspection electrode of 
the target object to be inspected so as to break a 
part of the insulating film; 

bringing an inspecting probe into electrical contact 
with the surface of a part of the inspection electrode, 
the insulating film of the part of the inspection elec- 
trode having been broken by the fritting phenome- 
non; and 

inspecting the electrical characteristics of the target 
object by using a tester connected to the inspecting 
probe. 

[001 5] It is desirable for the step of breaking a part of 
the Insulating film included in the inspection method de- 
scribed above to comprise the steps of: 

bringing a probe into contact with the inspection 
electrode of the target object to be inspected; and 
applying a voltage between the probe and the in- 
spection electrode so as to bring about the fritting 
phenomenon in the insulating film fomied on the 
surface of the inspection electrode. 

[0016] It is also desirable for the step of breaking a 
part of the insulating film comprises the steps of: 

bringing a first probe and a second probe into con- 
tact with the inspection electrode of the target ob- 
ject; and 

applying a voltage between the first probe and the 
second probe so as to bring about the fritting phe- 
nomenon in the insulating film formed on the sur- 
face of the inspection electrode. 

[0017] it is desirable for the inspection method de- 
scribed above to further comprise the step of Inspecting 
the electrical characteristics of the target object to be 
inspected by utilizing, as the Inspection electrode, at 
least one of the first probe and the second probe in con- 
tact with the surface of a part of the inspection electrode, 



the insulating film of the part having been broken by the 
fritting phenomenon which has been brought about with- 
in the Insulating film. 

[001 8] In the inspection method of the present Inven- 
5 tion, it is desirable for the step of inspecting the electrical 
characteristics of the target object to be Inspected by 
utilizing at least one of the first probe and the second 
probe as the inspecting probe to comprise the step of 
electrically disconnecting the probe not utilized as the 
10 Inspecting probe, from at least one of the tester and the 
Inspection electrode. 

[001 9] In the inspection method of the present inven- 
tion, it is desirable for the step of electrically disconnect- 
ing the probe from the inspection electrode to comprise 

IS the step of electrically separating the probe not utilized 
as an inspecting probe from the inspection electrode. 
[0020] In the Inspection method of the present inven- 
tion, it is desirable for the separating step to be per- 
fomied by utilizing at least one of a piezo element, a 

20 bimetal, and an electrostatic element 

[0021] According to a second aspect of the present 
invention, there is provided an inspection apparatus of 
a target object to be inspected, comprising: 



25 



30 



35 



40 



50 



55 



a power source circuit for applying a voltage to a 
part of the insulating film fonned on the inspection 
electrode of the target object so as to form a prede- 
termined potential gradient In at least a part of the 
insulating film, a fritting phenomenon being formed 
in the insulating film by the predetermined potential 
gradient so as to break a part of the Insulating film; 
an Inspecting probe that is brought Into electrical 
contact with the surface of a part of the inspection 
electrode, the insulating film of the part of the in- 
spection electrode having been broken by the frit- 
ting phenomenon; and 

a tester connected to the Inspecting probe so as to 
inspect the electrical characteristtes of the target 
object to be Inspected. 



[0022] It is desirable for the inspection apparatus to 
further comprise a current limiter for limiting the current 
flowing between the probe and the inspection electrode. 
[0023] In the inspection apparatus of the present In- 
^5 ventlon, It is desirable for the current limiter to form a 
predetemiined potential gradient in at least a part of the 
insulating film to comprise: 



a first probe and a second probe each brought into 
contact with the inspection electrode of the target 
object to be inspected; and 
a power source circuit for applying a voltage be- 
tween the first probe and the second probe, the volt- 
age serving to bring about a fritting phenomenon in 
the insulating film fonned on the surface of the in- 
spection electrode. 

[0024] In the inspection apparatus of the present In- 
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vention, It is desirable for at least one of the first probe 
and the second probe to be formed of at least one ma> 
terial selected from the group consisting of tungsten, 
palladium and a beryllium-copper alloy. 
[0025] It is desirable for the Inspection apparatus of s 
the present Invention to further comprise a controller for 
controlling the power source circuit, and a communica- 
tion circuit for connecting the control means to the tester. 
[0026] In the inspection apparatus of the present in- 
vention, it is desirable for the means for fomiing a pre- io 
detemnlned potential gradient in at least a part of the 
insulating film to be incorporated in the tester. 
[0027] In the inspection apparatus of the present in- 
vention, it is desirable for the current limiter for limiting 
the current flowing between the probe and the inspec- 15 
tion electrode to be Incorporated In the tester. 
[0028] In the inspection apparatus of the present In- 
vention, it is desirable for the power source circuit for 
forming a predetermined potential gradient in at least a 
part of the insulating film to comprise: so 

a first probe and a second probe, which are brought 
into contact with the inspection electrode of the tar- 
get object to be inspected; and 

a power source circuit for applying a voltage be- 25 
tween the first probe and the second probe, the volt- 
age serving to bring about a fritting phenomenon in 
the insulating film formed on the surface of the In- 
spection electrode. 

30 

[0029] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0030] The invention can be more fully understood 35 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 shows the principle of a fritting apparatus 
used in the inspection method of an embodiment of 40 
the present invention; 

FIG. 2 shows the construction of an inspection ap- 
paratus according to one embodiment of the 
present invention, to which is applied the principle 
shown in FIG. 1 ; 45 
FIG. 3 is a flow chart showing an inspection method 
according to one embodiment of the present Inven- 
tion; 

FIGS. 4A-4B shows how the inspecting probe is 
brought into electrical contact with the Inspection so 
electrode by the fritting phenomenon by using the 
Inspection apparatus shown In FIG. 2, wherein FIG. 
4A shows the state that an Inspecting probe and a 
fritting probe are brought into contact with an in- 
spection electrode and a voltage is applied between 55 
the inspecting probe and the fritting probe, and FIG. 
4B shows the state that the inspecting probe Is 
brought into electrical contact with the inspection 



electrode by the fritting phenomenon; 
FIG. 5 shows the construction of an inspection ap- 
paratus according to another embodiment of the 
present invention; 

FIG. 6 shows the construction of a measuring ap- 
paratus for verifying the fritting phenomenon; 
FIG. 7 is a graph showing the waveforms of the cur- 
rent and the voltage exhibiting a typical fritting phe- 
nomenon; 

FIG. 8 is a graph showing the waveforms of the cur- 
rent and the voltage when the Insulating film Is me- 
chanically brolcen; 

FIG. 9 Is a graph showing the waveforms of the cur- 
rent and the voltage when the cun-ent in the fritting 
stage has not yet reached a limit value; 
FIG. 10 Is a graph showing the relationship between 
the needle pressure of the W (tungsten) probe and 
the fritting voltage; 

FIG. 11 is a graph showing the relationship between 
the needle pressure of a BeCu probe and the fritting 
voltage; 

FIG. 12 is a graph showing the relationship between 
the needle pressure of a Pd probe and the fritting 
voltage; 

FIG. 1 3 is a graph showing the relationship between 
the maximum current of the W (tungsten) probe and 
the contact resistance; 

FIG. 14 is a graph showing the relationship between 
the maximum current of a BeCu probe and the con- 
tact resistance; 

FIG. 15 is a graph showing the relationship between 
the maximum current of a Pd probe and the contact 
resistance; 

FIG. 1 6 is a graph showing the relationship between 
the fritting voltage of each of the W probe, the BeCu 
probe and the Pd probe and the current; 
FIG. 1 7 is a graph showing the relationship between 
the fritting voltage of each of the W probe, the BeCu 
probe and the Pd probe and the maximum current; 
FIG. 1 8 is a graph showing the relationship between 
the contact resistance between the W probe and the 
electrode after the fritting and separating force; 
FIG. 19 Is a graph showing the relationship between 
the contact resistance between the BeCu probe and 
the electrode after the fritting and the separating 
force; 

FIG. 20 Is a graph showing the relationship between 
the contact resistance between the Pd probe and 
the electrode after the fritting and the separating 
force; 

FIG. 21 is a flow chart showing the conventional in- 
spection method; and 

FIGS. 22A-22B shows how the probe is brought into 
electricai contact with the Inspection electrode by 
the conventional inspection method, wherein FIG. 
22A shows the state that the probe is brought into 
contact with the inspection electrode, and FIG. 22B 
shows the state that the probe is brought into elec- 
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trical contact with the inspection electrode by scrub- 
bing. 

[0031] FIGS. 1 to 5 coilectively show a first embodi- 
ment of the present invention. In the inspection method 
of the embodiment, a part of the Insulating film such as 
an oxide film fomried on the surface of the inspection 
electrode of the device is brolcen by utilizing a fritting 
phenomenon. In the embodiment, the probe is brought 
into electrical contact with the inspection electrode in the 
portion where the insulating film is broken. It is possible 
to lower the needle pressure between the probe and the 
Inspection electrode to a level lower than the present 
level of the needle pressure, i.e., the needle pressure 
can be lowered to, for example, 0.1 g or less, by utilizing 
the fritting phenomenon. As a result, the Inspection elec- 
trode is not scratched so as to prolong the life of the 
probe. The fritting phenomenon denotes the phenome- 
non that, If a voltage is applied to the insulating film such 
as an oxide film fomried on the surface of a metal, i.e., 
the inspection electrode in the embodiment, In a manner 
to form a potential gradient of about 105 to 106 V/cm, 
the insulating film is subjected to insulation breal<down 
because of the nonunifomnity in the thickness of the in- 
sulating film or In the composition of the metal so as to 
form a current path. 

[0032] FIG. 1 shows the principle of a devised fritting 
apparatus used in the embodiment for bringing about a 
fritting phenomenon. As shown in FIG. 1 , the fritting ap- 
paratus comprises a power source (ex. a programmable 
voltage source) 1, a voltage-applied buffer amplifier 2, 
a resistor 3 and an applied current limiter 4. The pro- 
grammable voltage source 1 applies voltage to a first 
probe 5A and a second probe 5B of a probe card 5. The 
first probe 6A Is connected to the voltage-applied buffer 
amplifier 2 via the resistor 3, and the second probe 5B 
is connected to the input terminal of the voltage-applied 
buffer amplifier 2 and to the ground. It Is desirable for 
each of these first and second probes 5A and 5B to be 
made of a conductive metai such as tungsten (W), a be- 
ryllium-copper alloy (BeCu) or palladium (Pd). 
[0033] The fritting apparatus of the construction de- 
scribed above is operated as follows. Specifically, the 
first and second probes 5A and 5B of the probe card 5 
are brought into contact with the Inspection electrode P 
of a device D with a low needle pressure, e.g., 0.1 g or 
less. Under this condition, a voltage is applied from the 
programmable voltage source 1 to the first probe 5A 
through the voltage-applied buffer amplifier 2 and the 
resistor 3. Where the insulating film O is very thin, a 
slight tunnel current flows in the Initial stage. The poten- 
tial gradient between the f ir^t and second probes 5A and 
6B is gradually increased by gradually increasing the 
voltage from the programmable voltage source 1 so as 
to reach a predetermined potential gradient of about 1 05 
to 1 06 V/cm. As a result, the insulating film O positioned 
below the first probe 5A and the second probe 5B is bro- 
ken so as to bring the first probe 5A and the second 
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probe 5B Into contact with the metai surface of the In- 
spection electrode so as to rapidly increase the current 
flowing between the first probe 5A and the second probe 
5B. The applied current limiter 4 detects the current so 
s as to cause the voltage-applied buffer amplifier 2 to 
cease to apply voltage such that a further cun-ent does 
not flow. As a result, the first and second probes 5A and 
5B are brought into electrical contact with the inspection 
electrode P so as to make it possible to inspect the elec- 
ts trical characteristics of the device D. 

[0034] FIG. 2 shows the constmctlon of an inspection 
apparatus 10 according to the first embodiment of the 
present invention, in which is employed the principle of 
the fritting apparatus shown in FIG. 1. The inspection 
IS apparatus 10 according to the first embodiment of the 
present invention comprises a fritting apparatus 11 and 
a probe card 12, as shown In FIG. 2. The Inspection ap- 
paratus 10 is connected so as to communicate with a 
tester 1 3 with power source 1 3A. On the other hand, the 
20 fritting apparatus 11 comprises a fritting circuit 14 serv- 
ing To realize the fritting phenomenon and a fritting con- 
trol circuit 1 5 serving to control the fritting circuit 1 4. The 
fritting control circuit 15 Is connected to the tester 13 
through a general communication circuit such as an RS 
2s or a GPIB. The probe card 12 is provided with a pair of 
first and second probes 12A and 12B. which are coilec- 
tively brought Into contact with an Inspection electrode 
P arranged on the target object W to be inspected, it Is 
possible for the number of pairs of the first and second 
30 probes 12A, 12B to be equal to the number of inspection 
electrodes P of the target objects (devices) W to be in- 
spected. If a number n of inspection electrodes P are 
formed on a single device W, it is possible to mount a 
number n of pairs of the first and second probes 12A 
35 and 12B on the probe card 12. The second probe 12B 
is used only when the Insulating film O is broken by the 
fritting phenomenon. Therefore, in the following descrip- 
tion, the first probe 12A Is called an inspecting probe 
1 2A and the second probe 1 2B is called a fritting probe 

40 128. 

[0035] The power source circuit may comprise the 
power source 1 3A. the fritting circuit 1 4, the fritting con- 
trol circuit it, a pair of first and second probes 12A and 
12B. 

45 [0036] The fritting circuit 1 4 comprises a number n of 
circuits each consisting of an applied voltage buffer am- 
plifier 14A, a resistor 14B, a current detection amplifier 
1 4C, a current limiting amplifier 1 4D, and relay switches 
14E and 14F. The number n corresponds to the number 

50 of pairs of the inspecting probe 1 2A and the fritting probe 
1 2B. The fritting control circuit 1 5 senses to relay-control 
the relay switches 14E and 14F. The relay switch ME 
serves to switch the inspecting probe 12A between a 
contact 14G connected to the fritting apparatus 11 and . 

55 a contact 14H connected to the tester 13. On the other 
hand, the relay switch 1 4F perfomns the switching func- 
tion between a ground potential point 141 and a floating 
contact 14J. The Inspecting probe 12A is connected to 
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the relay switch 14E. and the fritting probe 12B Is con- 
nected to the relay switch 14R The high frequency char- 
acteristics can be improved by connecting the relay 
switch 14F of the fritting probe 12B to a point as close 
to the probe as possible. After the insulating film O has 
been broken by the fritting phenomenon, it is desirable 
for the fritting probe 12B to be disconnected from the 
tester. To achieve this particular state, it is possible to 
employ a mechanism for disconnecting the wiring or a 
mechanism 1 8 for moving upward the fritting probe 128 
so as to move the fritting probe 12B away from the In- 
spection electrode. The mechanism 18 for moving the 
fritting probe 12B away from the inspection electrode 
may be fonned of, for example, a piezo element, a bi- 
metal or an electrostatic element. 
[0037] The inspection method according to an em- 
bodiment of the present invention, which is perfomned 
by using the inspection apparatus 1 0 described above, 
will now be described with reference to FIGS. 3, 4A and 
4B. In the first step, the positions of the inspecting probe 
1 2A and the fritting probe 128 are aligned with the po- 
sition of the inspection electrode P of the device D (step 
S11). These probes 12A and 12B are brought into con- 
tact with each inspection electrode P of the device D 
with a low needle pressure, e.g., 0.1 g or less, as shown 
in FIG. 4A (step S12). In this step, the relay switch 14E 
is switched to contact 14G via the fritting confrol circuit 
15, with the result that the Inspecting probe 12A is con- 
nected to the fritting apparatus 1 1 . Then, the relay switch 
14F is switched to the ground contact 141 so as to be 
grounded, in this fashion, the probe card 12 is connect- 
ed to the fritting apparatus 11 . 

[0038] The fritting operation is started by the voltage 
application from the fritting control circuit 15 to the in- 
specting probe 12A through the applied voltage buffer 
amplifier 14A and the resistor 14B (step SI 3). Where 
the Insulating film O Is very thin, a tunnel cun^ent flows 
in the direction denoted by an arrow In FIG. 4A in the 
Initial stage ofthe voltage application. Thetunnel cun-ent 
Is a very small current, far smaller than the limiting cur- 
rent value. It is possible to detemrjine the limiting current 
value bythe resistance value ofthe probes 12Aand 128 
In contact with the inspection electrode, as shown in 
FIG. 48. The limiting current valve is determined when 
the resistance valve is lower than 1 Q, or preferably, low- 
er than 0.5 £2 in the case where the probes 1 2A and 1 28 
are In contact with the Inspection electrode, as shown 
in FIG. 48. The veiy small current is detected by the 
current detecting anplif ier 1 4C via the resistor 1 4B. The 
detected value is supplied to the current limiting ampli- 
fier 14D. A limiting current is supplied as a reference 
current from the fritting control circuit 15 to the current 
limiting amplifier 1 4D. The current limiting amplifier 1 4D 
compares the detected current value generated from 
the current detection amplifier 1 4C with the limiting cur- 
rent value (reference current value) generated from the 
fritting limiting circuit 15 so as to judge whether or not 
the detected current value has reached the limiting cur- 



rent (step 814). While the applied voltage from the frit- 
ting control circuit 15 is gradually elevated, the current 
limiting amplifier 14D judges whether or not the current 
of the current sense resistor 148 has reached the ilmit- 
s Ing current. 

[0039] The electric potential gradient between the In- 
specting probe 12A and the fritting probe 12B Is gradu- 
ally Increased by gradually increasing the applied volt- 
age from the voltage buffer amplifier 14A. if the electric 
10 potential gradient is increased to a level at which the 
fritting phenomenon is brought about, the InsulatlngfHm 
O on the surface of the inspection electrode P Is broken 
by the fritting phenomenon as shown In FIG. 48. When 
the detected cun-ent of the current detecting amplifier 
IS 1 4C is rapidly increased to reach the limiting current, the 
voltage application from the applied voltage buffer am- 
plifier 14A through the cun-ent limiting amplifier 14D is 
stopped by the fritting phenomenon. At this stage, the 
inspecting probe 12A and the fritting probe 128 are 

20 brought into electrical contact with the Inspection elec- 
trode P so as to fomn the state under which the Inspec- 
tion can be perfomied. Under this state, the relay switch 
1 4E Is successively switched from the contact 14G con- 
nected to the fritting apparatus 11 to the contact 14H 
connected to the tester 13 under the control performed 
by the fritting control circuit 15. Also, the relay switch 
14F is successively switched from the ground contact 
141 to the floating contact 14J In synchronism with the 
switching of the relay switch 14E. As a resutt, the in- 

30 specting probe 1 2A is connected to the tester 1 3 so as 
to cause the fritting probe 128 to float electrically. Under 
this state, the fritting control circuit 15 notifies the tester 
13 through the general purpose communication circuit 
1 6 that the stale under which the inspection can be per- 

35 formed has been fomned. The tester 13 supplies an in- 
specting signal to the inspecting probe 12A so as to in- 
spect the electrical characteristics ofthe target object to 
be inspected (stage SI 5). 

[0040] As described above, according to the first em- 

40 bodiment of the present invention, the insulating film O 
of the inspection electrode P is broken under the state 
that the Inspectin g probe 1 2A is b rought into contact with 
the inspection electrode P with a low needle pressure. 
As a result, the inspecting probe 12A Is brought into 

"fs electrical contact with the inspection electrode P so as 
to make it possible to perfomi the inspection of the elec- 
trical characteristtes of the target object to be Inspected 
without fail. Since the inspecting probe 12A is brought 
Into electrical contact with the inspection electrode P 

50 with a very low needle pressure of 0.1 g, it is possible 
to improve the yield ofthe target object to be inspected 
without damaging the inspection electrode P so as to 
prolong the life of the inspecting probe 12A. Since the 
inspection can be performed with the needle pressure 

55 of the inspecting probe 12A set at 0.1 g or less, the in- 
spection can be performed without fail even if the probe 
construction is simple such that the probe Is fonned by, 
for example, erecting a bonding wire. According to the 
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first embodiment of the present invention, the peeiing 
dust Is not generated from the inspection electrode P, 
with the result that the target object to be inspected is 
not contaminated with the peeling dust of the inspection 
electrode, and the peeling dust is not attached to the 5 
Inspecting probe 12A. As a result, the yield Is further 
Improved. In addition, it is unnecessary to apply a clean- 
ing treatment to the inspecting probe 12A so as to in- 
crease the inspecting efficiency. 

[0041] According to the first embodiment of the io 
present Invention, the needle pressure applied to the In- 
specting probe 12A is low so as to increase the degree 
of freedom in the construction of the needle tip and the 
beam. Also, It Is possible to ensure a large amount of 
overdriving movement of the inspecting probe 1 2A from is 
the contact starting position. It Is also possible to de- 
crease the length of the beam for obtaining the same 
needle pressure so as to make it possible to an-ange the 
probes in a high density. Further, since the stability of 
the contact is u nil kely to be affected by the shape of the so 
needle tip of the Inspecting probe 12A, It Is unnecessary 
to process the needle tip In a special shape such as a 
pyramidal shape. 

[0042] Where the driver of the tester can be used as 
the fritting power source, it may suffice to mount a circuit ss 
for the relay 24F for connecting the fritting probe 12B to 
the ground as shown In FIG. 5. In other words, the in- 
specting probe 22A may be connected to the voltage 
power source (not) of the tester 23. The fritting probe 
22B may be connected to the relay switch 24F. It is pos- 30 
sible to use the I/O driver within the tester 23 for the 
control of the relay switch 24F. Whether or not the fritting 
can be perfomied by using the tester 23 depends on the 
power source cun-ent capacity of the tester 23. In Xems 
of the software, it may sufffce to add a program for the 35 
fritting to the program of the tester 23. Also, In temris of 
the hardware, it may suffice to add a relay circuit. Alter- 
natively, it is possible for the tester itself to be provided 
with a fritting power source, the fritting circuit 1 4 and the 
fritting control circuit 15. These embodiments also pro- 40 
duce the function and the effect similar to those pro- 
duced by the embodiment shown In FIG. 2. 
[0043] The relationship between the material used for 
forming the probe and the fritting characteristics has 
been verified by using a measuring apparatus shown in 45 
FIG. 6. The results of the verification are shown in FIGS. 
7 to 18. 

[0044] FIG. 6 shows the construction of the measur- 
ing apparatus used in this embodiment The load (nee- 
dle pressure) between a probe 51 and a wafer W was so 
measured by an electronic balance 52. The current and 
the voltage applied by a power source 53 were meas- 
ured by using an ammeter 64 and a voltage indicator 
55. For measuring the waveform of the fritting, an A/D 
converters 56 and 57 was utilized. The current and the 55 
power source voltage were measured and recorded. For 
the control of the probe 51 in the 2-directlon, used was 
a piezo stage 58 having a maximum displacement of 
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100 ^m. The plezo stage 58 was operated via a plezo 
driver 59. All of the electronic balance 52, the power 
source 53, the ammeter 54, the voltage Indicator 55, the 
A/D converters 56, 57 and the plezo stage 58 were con- 
nected to a computer 60 via a communication circuit 
(GPIB, RS-232C).Thecontroloftheapplledvoltageand 
the stage position was performed via the computer 60, 
and the results of the measurement were recorded one 
by one. A loop of the voltage control, the voltage meas- 
urement, and the current measurement was performed 
repeatedly. A rate of the loop was about 1 0 times/sec. 
The measurement under high frequency was perfonmed 
by using the A/D converters 56 and 57 so as to measure 
the power source cun^ent flowing through the A/D con- 
verters 56 and 57, respectively, and the power source 
voltage. The converted values from the A/D converters 
56 and 57 were corrected by obtaining the relationship 
between the these converted values and the measured 
values of the ammeter 64 and the voltage Indicator 65 
and by using the measured values of the ammeter 64 
and the voltage Indicator 55. 

[0045] The measurement was performed under the 
measuring conditions given below in accordance with 
the procedures (1) to (6) given below: 

(1) The probe 51 was allowed to approach the wafer 
W by driving the piezo stage 58. The needle pres- 
sure in this stage was monitored via the electronic 
balance 52. The piezo stage 58 was stopped when 
the needle pressure exceeded a set needle pres- 
sure. The needle pressure In this stage was deter- 
mined as the contact load. 

(2) A voltage was applied stepwise from the power 
source 53 so as to generate a current and voltage. 
Immediately before application of the voltage, the 
A/D converters 56 and 57 were started and the con- 
verted values were recorded. The situation before 
and after application of the stepwise voltage was 
recorded in the memory of the A/D converters 56 
and 57. 

(3) If a current not lower than 1 mA was recognized 
after the voltage application, It was considered that 
fritting had taken place. |f the current was not rec- 
ognized, the applied voltage was returned to zero, 
and the measurement given in item (2) above was 
perfomied again with the voltage set twice as high 
as before. 

(4) After the occurrence of the fritting phenomenon, 
the voltage was measured by setting the current at 
1 mA. The resistance value calculated from the 
measured voltage was determined as the contact 
resistance. 

(5) After the applied voltage was returned to zero 
volts, the probe 51 was moved away from the meas- 
uring electrode by driving the piezo stage 58. It was 
considered that the minimum value of the load 
measured at this stage was the separating force. 

(6) The measurements of items (1) to (5) given 
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above were repeated by changing the contact po- 
sition. 

[Measuring Conditions] 

[0046] 

(a) Voltage Control Mode (S) 
Set voltage: 30 V. 5 V 

Setting of current llmlter 10 mA, 100 mA, 250 
mA 

Needle pressure: 0.1 g, 0.02 g, 0.005 g, 0.001 g 



(b) Cun-ent Control Mode (1) 

Set current: 1 0 mA, 1 00 mA, 250 rnA 
Needle pressure: 0.1 g,0.02g, 0.005 g, 0.001 g 

(c) Probe Material: 

Tungsten (W), beryllium-copper alloy (BeCu), 
palladium (Pd) 

(d) Electrode: aluminum (Al) 

1 . Waveform at fritting time 

[0047J Changes with time in the voltage and cun^ent 
were measured by using a tungsten probe, covering the 
cases where the needle pressure, the limiting cun-ent 
and the set voltage were changed in various fashions. 
The wavefomis of the voltage and the current before 
and after the fritting were measured so as to obtain 
waveforms of three typical patterns as shown in FIGS. 
7 to 9. 

[0048] The current and the voltage were measured by 
using the A/D converters 56 and 57 under the condition 
that the current was controlled by setting the limiting cur- 
rent at 1 0 mA by using a tungsten probe under a needle 
pressure of 0.01 g. FIG. 7 is a graph showing the wave- 
forms of the current denoted by a solid line and the volt- 
age denoted by the broken line at the time when the frit- 
ting took place. The graph shows the typical waveform 
in the event of the fritting phenomenon. As shown In the 
graph of FIG. 7, the fritting phenomenon takes place 
when the voltage has reached a fritting voltage at which 
an insulation breakdown is brought about so as to cause 
the current to flow and the resistance to be lowered. Al- 
though the maximum value of consent is set at 1 0 mA by 
the current limiter, it is seen that a large current flows 
for an instant, because It takes time before the current 
limiter Is operated. To be more specific, it is seen that a 
voltage of 6 V is applied at the time when the current 
begins to flow so as to cause the current to flow in an 
amount exceeding 170 mA, and that the current limiter 
operates substantially simultaneously with the starting 
of the current flow so as to lower the voltage and the 
current to 10 mA, which is the set value of the limiting 
current. 



[0049] The current and the voltage were measured by 
using the A/D converters 56 and 57 under the condition 
that the current was controlled by setting the limiting cur- 
rent at 250 mA and the voltage at 5 V by using a tungsten 
s probe undera needle pressure of 0.1 g. FIG. 8 is a graph 
showing the wavefomis of the current, whteh Is denoted 
by a solid line, and the voltage, which is denoted by a 
broken line, at the time when the current began to flow. 
As shown in the graph, the voltage and the current 
10 change proportionally, in the case where the insulating 
film Is broken mechanically, not electrically. 
[0050] The current and the voltage were measured by 
using the A/D converters 56 and 57 under the condition 
that the current was controlled by setting the limiting cur- 
is rent at 250 mA and the voltage at 30 V by using a tung- 
sten probe under a needle pressure of 0.02 g. FIG. 9 Is 
a graph showing the waveforms of the current, which is 
denoted by a solid line, and the voltage, which is denot- 
ed by a broken line, at the time vifhen the fritting phe- 
20 nomenon took place. The graph of FIG. 9 shows that 
the voltage and the current are Increased In proportion 
after occurrence of the fritting phenomenon because the 
current in the fritting time did not reach the limiting cur- 
rent, and that the voltage and the current are rendered 
25 constant at the time when the limiting current Is reached. 

2. Relationship between Needle Pressure and Fritting 

Voltage 

30 [0051 ] The temi "fritting voltage" denotes the voltage 
value at the time when the current briefly exceeded 1 
mA for the first time. The probe used was fomried of W, 
BeCu or Pd. Each of FIGS. 1 0 to 1 2 are graphs showing 
the relationship between the needle pressure of the 

35 probe and the fritting voltage. In the graphs of FIGS. 1 0 
to 1 2, the probability with the total value set at 1 is plotted 
on the ordinate. The distribution of the fritting voltage in 
the case of using the W probe, the BeCu probe and the 
Pd probe is classified by the needle pressure. A needle 

40 pressure of 0.001 g (martced by x), 0.005 g (marked by 
A), 0.02 g (marked by O) and 0.1 g (mariced by Q was 
applied to each probe. FIG. 10 illustrates the case where 
the W probe was used, FIG. 11 Illustrates the case 
where the BeCu probe was used, and FIG. 12 illustrates 

45 the case where the Pd probe was used. 

[0052] As Is apparent from FIGS. 1 0 to 1 2, the fritting 
voltage is distributed in two points of around 13 V and 
around 5 V in the case where the needle pressure is low. 
With an increase In the needle pressure, the peak volt- 

50 age is generally shifted toward the lower voltage and, at 
the same time, a peak appears in a point not higher than 
1 V. If the needle pressure is increased to 0.1 g, a peak 
not lower than 13 V is eliminated, and the current begins 
to flow even at a voltage less than 1 V. Also, it appears 

55 that the peak at 5 V is shifted to the point of about 3 V. 
[0053] The experimental data suggests the situations 
given below: 
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(1) There are two kinds of insulating film. A voltage 
of about 5 V is required for breaking one of these 
insulating films, and a voltage of about 8 V (= 13 V 
- 5 V) is required for the breakage of the other insu- 
lating film. There are cases where the latter insulat- 
ing film Is present and where the latter Insulating 
film is not present. 

(2) If the needle pressure is increased, the proba- 
bility of the fritting phenomenon occurrence under 
a low voltage is increased. Under the needle pres- 
sure of 0.1 g, an Insulating film exhibiting a break- 
down voltage of 8 V does not exist. If the needle 
pressure is increased, a peak appears under the 
voltage of 1 V. It Is considered reasonable to under- 
stand that the peak appearance is not due to the 
Insulation breakdown but due to the mechanical 
breakdown. 

(3) The insulating film is considered to be fornied of 
an oxide film of aluminum, an oxide film of a probe 
material or a contaminated layer of water, etc. 

(4) it is considered reasonable to understand that, 
if the needle pressure Is set at 0.1 g. a fritting phe- 
nomenon is brought about substantially without fail 
under a voltage not higher than 5 V. 

3. The Relationship between Maximum Current and 
Contact Resistance. 

[0054] The maximum current and the contact resist- 
ance at the fritting time were measured by using a W 
probe, a BeCu probe and a Pd probe, with the results 
as shown in the graphs of FIGS. 13 to 15. Specifically, 
FIGS* 13 to 15 are graphs showing the relationship be- 
tween the nnaximum current and the contact resistance 
in the cases of using a W probe, a BeCu probe and a 
Pd probe, respectively. The term "maximum current" de- 
notes the maximum value of the current flowing the In- 
stant the fritting phenomenon took place. Also, the tenn 
"contact resistance" denotes the contact resistance val- 
ue when the cun-ent Is set at 1 mA after the fritting phe- 
nomenon. In each graph, the mark Ddenotes the result 
of the measurement by the voltage controlled mode, 
with the mark A denoting the result of the measurement 
by the current controlled mode. 

[0055] In each probe, it is observed that the resistance 
is lowered with the increase in the current. In the case 
of the W probe and the BeCu probe, it is seen that the 
resistance is lowered to 1 Q or less if the maximum cur- 
rent exceeding 0.5 A flows. Also, where the current is 
the same, the W probe and the BeCu probe exhibit sub- 
stantially the same contact resistance value. On the oth- 
er hand, the Pd probe exhibits a contact resistance val- 
ue 1 .5 times as much as the contact resistance value 
for each of the W probe and the BeCu probe. This ex- 
perimental data supports the theory that the maximum 
current of the fritting should be increased in order to ob- 
tain a low contact resistance. 



4. The Relationship between the Fritting Voltage and the 
Maximum Cunrent 

[0056] FIG. 16 shows the relationship between the 

s voltage (fritting voltage) and the current at the time of 
frtning (the Instant the current not lower than 1 mA Is 
detected). The plot in this case was on the line of 25 Q, 
which was coincident with the circuit resistance. FIG. 1 7 
shows the relationship between the fritting voltage and 

10 the maximum current. According to FIG. 17, when the 
current flowing In the fritting time, I.e., the current shown 
in FIG. 16, Is smaller than the limiting cunent, the current 
continues to increase after the fritting to reach the limit- 
ing current (see FIG. 9). When the fritting voltage is high, 

IS the cun-ent, at the instant of fritting, constitutes the max- 
imum current. In this embodiment, the maximum current 
was 300 mA in view of the capacity of the power source, 
it is considered reasonable to understand that it is pos- 
sible to stably obtain the contact resistance not higher 

20 than 1 £1 as shown in FIGS. 1 3 to 1 5 in the case of using 
a powersource capable of flowing cun-ent not lowerthan 
500 mA. 

[0057] In order to control the voltage applied to the 
contact portion at the time of fritting, an experiment was 

2s conducted in which the probe was brought into contact 
with the electrode with the voltage set constant. Where 
a voltage of 30 V was applied, It was possible to flowthe 
current far exceeding the current limiter at the instant of 
fritting. The results of the experiment, which are not 

30 shown in the drawing, were found to confomi well with 
the results shown In FIGS. 13 to 15, supporting the the- 
ory that the contact resistance can be lowered with an 
increase In the maximum current. 

35 5. Relationship between Contact Resistance and 
Separating Force 

[0058] Measured was the separating force when the 
probe was moved away from the electrode, with the re- 

40 suits as shown in FIGS. 18 to 20. FIG. 18 covers the 
case of using a W probe, FIG. 19 covers the case of 
using a BeCu probe, and FIG. 20 covers the case of 
using a Pd probe. The experimental data given in FIGS. 
1 8 to 20 support that the separating force is small when 

45 the contact resistance is high. It has been found that the 
separating force is increased with a decrease in the con- 
tact resistance. It is considered reasonable to under- 
stand that the separating force is related to the area of 
the true contact portion. Since metals are bonded to 

50 each other in the true contact portion, it is considered 
reasonable to understand that the separating force be- 
tween the metal members is proportional to the area and 
that, if the contact area Is increased, the contact resist- 
ance is decreased. Under the same contact resistance, 

55 the Pd probe has the largest separating force, and the 
separating force is decreased in the order of the BeCu 
probe and the W probe. 

[0059] The present invention is not limited to each of 
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the embodiments described a6ove. Any apparatus hav- 
ing the circuit construction capable of bringing about the 
fritting phenomenon are included in the technical scope 
of the present invention. In each of the embodiments 
described above, the needle pressure was changed s 
within a range of 0.001 g and 0.1 g. However, the 
present invention is not limited to the needle pressure 
falling within the range noted above. It suffices for the 3. 
needle pressure to be lower than the present level of the 
needle pressure, i.e., 1 0 to 20 g/probe, and to be capa- io 
ble of obtaining the fritting phenomenon. In short, the 
needle pressure is not limited to a specified range in the 
present invention. It has been pointed out In conjunction 
with the embodiments described above that the contact 
resistance between the probe and the electrode Is low- is 
ered with the Increase In the maximum current at time 
of fritting. However, it is possible for the current, at the 
time of fritting, to be low. The current is not limited to a 
specified range in the present invention as far as the 
current is capable of obtaining the fritting phenomenon. 20 4. 
[0060] According to the embodiments of the present 
invention, It is possible to martcedly lower the needle 
pressure. According to the embodiments, ft is possible 
to eliminate the damage done to the Inspection elec- 
trode and to prolong the life of the probe when used re- 25 
peatedly. Further, according to the embodiments, it is 
possible to provide an inspection method and an inspec- 
tion apparatus, which permit eliminating the necessity 
for applying a cleaning treatment to the probe and which 
permit improving the inspecting efficiency. 30 5. 



Claims 



1. 



A method of inspecting a target object to be in- 
spected by bringing an inspection probe (12A) into 
electrical contact with an inspection electrode (P), 
characterized by comprising the steps of: 

bringing about a fritting phenomenon in a part 
of the insulating film (O) formed on an inspec- 
tion electrode of the target object to be inspect- 
ed so as to break a part of the insulating film; 
bringing an inspecting probe into electrical con- 
tact with the surface of a part of the Inspection 
electrode, the Insulating film of the part of the 
inspection electrode having been broken by the 
fritting phenomenon; and 
inspecting the electrical characteristics of the 
target object by using a tester (13) connected 
to the Inspecting probe. 



35 
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8. 



2. 



The inspection method according to claim 1 , char- 
acterized in that said step of breaking a part of the 
insulating film comprises the steps of: ss 

bringing a probe (12A. 12B) into contact with 
the inspection electrode (P) of the target object 



to be inspected; and 

applying a voltage between the probe and the 
inspection electrode so as to bring about the 
fritting phenomenon in the Insulating film 
formed on the surface of the Inspection elec- 
trode. 

The inspection method according to claim 1, char- 
acterized In that said step of breaking a part of the 
insulating film comprises the steps of: 

bringing a first probe (12A) and a second probe 
(12B) into contact with the inspection electrode 
of the target object; and 
applying a voltage between the first probe and 
the second probe so as to bring about the frit- 
ting phenomenon in the insulating film formed 
on the surface of each inspection electrode. 

The inspection method according to claim 3, further 
comprising the step of lnspe<^ng the electrical char- 
acteristics of the target object to be inspected by 
utilizing as the inspecting probe at least one of the 
first probe and the second probe In contact with the 
surface of a part of the Inspection electrode, the in- 
sulating film of the part having been broken by the 
fritting phenomenon whk:h has been brought about 
within the Insulating film. 

The inspection method according to claim 4, char- 
acterized in that said step of inspecting the elec- 
trbal characteristics of the target object to be In- 
spected by utilizing at least one of the first probe 
and the second probe as the inspecting probe com- 
prises the step of electrically disconnecting the 
probe not utilized as the inspecting probe, from at 
least one the tester and the Inspection electrode. 

The inspection method according to claim 5, char- 
acterized in that said step of electrically discon- 
necting the probe from the Inspection electrode 
comprises the step of electrically separating the 
probe not utilized as an inspecting probe, from the 
inspection electrode. 

The Inspection method according to claim 6, char- 
acterized in that said separating step is periomied 
by utilizing at least one of a piezo element (58), a 
bimetal, and an electrostatic element. 

An inspection apparatus of a target object to be In- 
spected, comprising: 

a power source circuit (14, 13A, 12A, 12B, 15) 
for applying a voltage to a part of the insulating 
film formed on the inspection electrode of the 
target object so as to form a predetermined po- 
tential gradient in at least a part of the insulating 
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film, a fritting phenomenon being fomied In the 
insulating film by the predetennined potential 
gradient so as to break a part of the insulating 

film; 

an inspecting probe (12A) that is brought into 5 
electrical contact with the surface of a part of 
the inspection electrode, the insulating film of 
the part of the inspection electrode havingbeen 
broken by the fritting phenomenon; and 
a tester (13) connected to the inspecting probe io 
so as to Inspect the electrical characteristics of 
the target object to be inspected. 

The inspection apparatus according to claim 8, fur- 
ther comprising a current limiter (14D) for limiting 15 
the current flowing between the probe and the In- 
spection electrode. 



20 



fonming a predetermined potential gradient in at 
least a part of the Insulating film comprises: 

a first probe (12A) and a second probe (12B), 
which are brought into contact with the inspec- 
tion electrode of the target object to be Inspect- 
ed; and 

a power source circuit (14, 13A, 12A, 12B, 15) 
for applying a voltage between the first probe 
and the second probe, said voltage serving to 
bring about a fritting phenomenon In the Insu- 
lating film fomied on the surface of the Inspec- 
tion electrode. 



10. The Inspection apparatus according to claim 8, 
characterized In that said current limiter for form- 20 
ing a predetennined potential gradient In at least a 
part of the insulating film comprises: 



a first probe (12A) and a second probe (128) 
each brought into contact with the inspection 25 
electrode of the target object to be inspected; 
and 

a power source circuit (14, ISA, 12A, 12B, 15) 
for applying a voltage between the first probe 
and the second probe, said voltage serving to 30 
bring about a fritting phenomenon in the insu- 
lating film formed on the surface of the inspec- 
tion electrode. 



11. The inspection apparatus according to claim 10, 35 
characterized in that at least one of the first probe 
and the second probe is fomied of at least one ma- 
terial selected from the group consisting of tung- 
sten, palladium and a beryllium-copper alloy. 

40 

12. The inspection apparatus according to claim 8, fur- 
ther comprising a controller (16) for controlling the 
power source circuit, and a communication circuit 
(16) for connecting the controller to the tester 

45 

13. The inspection apparatus according to claim 12, 
characterized In that said means (14) for forming 
a predetennined potential gradient in at least a part 
of the Insulating film is Incorporated in the tester. 

50 

14. The inspection apparatus according to claim 13, 
characterized in that said cun-ent limiter (14D) for 
limiting the current flowing between the probe and 
the inspection electrode is Incorporated in the test- 
er. 55 



15. The Inspection apparatus according to claim 13, 
characterized In that said power source circuit for 
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